Purpose. The objective of the current study is to investigate the hypothesis that bioactive terpenoids and flavonoids of Ginkgo biloba extract (GBE) induce human hepatic drug metabolizing enzymes (DMEs) and transporters through the selective activation of pregnane X receptor (PXR), constitutive androstane receptor (CAR), and aryl hydrocarbon receptor (AhR). Methods. Human primary hepatocyte (HPH), and HepG2 cells are used as in vitro models for enzyme induction and nuclear receptor activation studies. A combination of real-time RT-PCR, transient transfection, and cell-based reporter assays were employed. Results. In human primary hepatocytes, real-time PCR analysis showed induction of CYP2B6, CYP3A4, UGT1A1, MDR1, and MRP2 by EGb 761, ginkgolide A (GA) and ginkgolide B (GB), but not by bilobalide (BB) or the flavonoids (quercetin, kaempferol and tamarixetin) of GBE. Cell-based reporter assays in HepG2 revealed that GA and GB are potent activators of PXR; quercetin and kaempferol activate PXR, CAR, and AhR, whereas BB exerts no effects on these xenobiotic receptors. Notably, the flavonoids induced the expression of UGT1A1 and CYP1A2 in HepG2 cells but not in HPH. Conclusion. Our results indicate that terpenoids and flavonoids of GBE exhibit differential induction of DMEs through the selective activation of PXR, CAR, and AhR.
INTRODUCTION
The use of Ginkgo biloba extract (GBE) as a therapeutic agent for a variety of ailments, particularly in the hopes of improving memory, has gained widespread popularity over the years. The standard GBE, EGb 761 is one of the most commonly prescribed drugs for dementia in many countries and a leading dietary supplement in the United States for memory enhancement (1) . In addition, EGb 761 has also been used to treat asthma, bronchitis, fatigue, sexual dysfunctions, and other health conditions (2) . EGb 761 contains two groups of bioactive constituents, the flavonoids (24%) and the terpenoids (6%), which have been actively investigated for their neuroprotective and neuromodulatory properties (3) . The flavonoid fraction is primarily composed of quercetin (Que), kaempferol (Kae) and tamarixetin (Tam) (Fig. 1) . The terpenoid fraction primarily contains ginkgolides A (GA), B (GB), C, J and M, and bilobalide (BB), which are specific to the Ginkgo biloba tree (4) . The GB is known as a potent antagonist of platelet activating factor receptor and the flavonoids impart antioxidative properties to EGb 761 (5, 6) .
Despite the potentially beneficial effects of GBE, the widespread use of this herbal remedy, often as self-medication, may lead to undesired herbal-drug interactions with concurrent medications. Recently, a number of studies indicated that GBE may influence the pharmacokinetics of co-administered drugs through altering the expression and activity of major cytochrome P450 (CYP) enzymes in the liver (7, 8) . Studies in rats demonstrated that administration of GBE significantly increased the expression and activity of CYP2B, CYP3A, and CYP1A (9) (10) (11) . In rat primary hepatocyte cultures, GA and BB displayed distinct roles in the regulation of CYP2B1 and CYP3A23 gene expression; BB showed preferential induction of CYP2B1 over CYP3A23, while GA primarily induced the expression of CYP3A23 but not CYP2B1 (12) . Additionally, pretreatment with GBE potentiated acetaminophen-mediated toxicity in rat primary hepatocytes, which was deemed to have resulted from GA induced expression of CYP3A (13) . Furthermore, a clinical study observed that after 2 weeks of GBE exposure, the AUC and C max of midazolam, a known CYP3A4 substrate, were reduced by 34% and 31%, respectively (7) . In contrast, Curley et al. (8) reported that midazolam metabolism in 12 volunteers has no apparent changes after 28 days GBE exposure. Overall, current studies regarding GBE induction of CYPs contain contradictory results, and are far from conclusive. Data that pertain to GBE-mediated induction of human drug-metabolizing enzymes (DME) other than CYPs, in particular, are limited, and the molecular mechanisms underlying the observed inductions are largely unknown.
In recent years, transcriptional regulation of hepatic DMEs has been extensively investigated (14, 15) . The pregnane X receptor (PXR; NR1I2) and the constitutive androstane receptor (CAR; NR1I3) are two closely related members of the nuclear receptor (NR) family that regulate a broad and overlapping set of genes involved in the detoxification and elimination of xenobiotics and endobiotics (16) . Additionally, the aryl hydrocarbon receptor (AhR), a ligand-activated basic helix-loop-helix Per-Aant-Sim (PAS) transcription factor, regulates genes from CYP subfamily 1A and the phase II enzyme UDP-glucuronosyltransferase 1A1 (UGT1A1) (17, 18) . Collectively, PXR, CAR, and AhR are considered promiscuous xenobiotic sensors that translate chemical activation into coordinated metabolism and transport in the liver. Therefore, understanding xenobiotic induction of metabolism and transport at the transcriptional level may lead to enhanced prediction of drug interactions, and xenobiotic-induced hepatotoxicity.
The objective of this study was to investigate the hypothesis that bioactive terpenoids and flavonoids of EGb 761 induce human hepatic DMEs and drug transporters through the activation of PXR, CAR, and AhR. Cell-based reporter assays and transfection experiments in HepG2 cells and human hepatocytes were used to determine the differential activation of NRs by terpenoids and flavonoids. Induction of CYP3A4, CYP2B6, CYP1A2, UGT1A1, MDR1, and MRP2 was compared between NR transfected hepatoma cells and human primary hepatocytes, which express physiologically relevant DMEs and drug transporters. Our results indicate that among the active components of EGb 761, GA and GB are potent activators of PXR and inducers of related DMEs; Que, Kae, and Tam activate PXR, CAR, and AhR, whereas BB displays no effects on these transcription factors. The flavonoids of EGb 761 induced the expression of UGT1A1 and CYP1A2 in HepG2 cells by activating the endogenous AhR. In contrast, this induction was absent in human hepatocytes presumably due to the metabolic instability of flavonoids in this physiologically relevant system.
MATERIALS AND METHODS

Chemicals and Reagents
Rifampicin (RIF), 3-Methylcholanthrene (3-MC), GA, GB, and BB were purchased from Sigma-Aldrich (St. Louis, MO). CITCO was obtained from BIOMOL Research Laboratories (Plymouth Meeting, PA). The standardized Ginkgo biloba leaf extract EGb 761 was from Schwabe Pharmaceuticals (Karlsruhe, Germany), which is currently being used in 
Plasmid Constructs
The UGT1A1-gtPBREM containing a 290 base pairs (bp) sequence from UGT1A1 promoter (−3483/−3194), and the pCR3-hCAR expression vector were generously provided by Dr. Masahiko Negishi (National Institute of Environmental Health Sciences, National Institutes of Health, Research Triangle Park, NC). The CMV2-hCAR3 vector was obtained from Dr. Curtis Omiecinski (Pennsylvania State University, University Park, Pennsylvania). The pSG5-hPXR expression vector was obtained from Dr. Steven Kliewer (University of Texas Southwestern Medical Center, Dallas, TX). The CYP2B6 reporter constructs, containing both PBREM and the distal XREM (CYP2B6-2.2 kb) was generated as described previously (20) . The pRL-TK Renilla luciferase plasmid used to normalize firefly luciferase activities was from Promega.
Induction Studies in Human Primary Hepatocyte Cultures
Liver tissues were acquired from qualified medical staff following donor consent and prior approval from the Institutional Review Board at the University of Maryland at Baltimore. Hepatocytes were isolated from human liver specimens by a modification of the two-step collagenase digestion method as previously described (21) . Hepatocytes were seeded at 1.5×10 6 cells/well in six-well biocoat plates in DMEM supplemented with 5% FBS, 100 U/ml penicillin, 100 μg/ml streptomycin, 4 μg/ml insulin, and 1 μM dexamethasone. After attachment at 37°C in a humidified atmosphere of 5% CO 2 , hepatocytes were cultured in complete William's Medium E (WME) and overlaid with Matrigel (0.25 mg/ml) as described previously (22) . The hepatocytes were maintained for 36 h before the treatment with RIF (10 μM), CITCO (1 μM) 3-MC (5 μM), GA (50 μM), GB (50 μM), BB (50 μM), EGb 761 (100 μg/ml), Que (25 μg/ml), Kae (20 μg/ml) and Tam (10 μg/ml) for another 24 h.
Real-Time PCR Analysis
Total RNA was isolated using the RNeasy Mini Kit (Qiagen) and reverse transcribed using High Capacity cDNA Archive kit (Applied Biosystems, Foster, CA) following the manufacturers' instructions. Primers and probes for CYP2B6, CYP3A4, UGT1A1, MDR1, and MRP2 genes were designed using Primer Express Version 2.0 and entered into the NCBI Blast to ensure specificity as described previously (Table I ) (23) (24) (25) (26) . A mixture of CYP1A2 primers and probe (Assay ID: Hs00167927_ml) was ordered from Applied Biosystems (Foster, CA). The mRNA expression of CYP2B6, CYP3A4, CYP1A2, UGT1A1, MDR1, or MRP2 was normalized against that of human β-actin, which was detected using a pre-developed primer/probe mixture (Applied Biosystems, Foster, CA). TaqMan PCR assays were performed in 96-well optical plates on an ABI Prism 7000 Sequence Detection System (Applied Biosystems). Fold induction values were calculated according to the equation 2 $$Ct , where ΔCt represents the differences in cycle threshold numbers between the target gene and β-actin, and ΔΔCt represents the relative change in these differences between control and treatment groups.
Transient Transfection in HepG2 Cells
HepG2 cells in 24-well plates were transfected with CYP2B6-2.2 kb reporter construct in the presence or absence of hPXR, hCAR or hCAR3 expression vector; or with UGT1A1-gtPBREM reporter construct in the absence of exogenous NRs using Fugene 6 Transfection Kit following the manufacturer's instruction. Twenty four hours after transfection, cells were treated with solvent (0.1% DMSO) or test compounds at the concentration of RIF (10 μM), CITCO (1 μM), 3-MC (5 μM), GA (50 μM), GB (50 μM), BB (50 μM), EGb 761 (100 μg/ml), Que (25 μg/ml), Kae (20 μg/ml) or Tam (10 μg/ml) for 24 h. Subsequently, cell lysates were assayed for firefly activities normalized against the activities of cotransfected Renilla luciferase using Dual-Luciferase Kit (Promega, WI). Data were represented as mean ± SD of three individual transfections. To analyze PXR-and CAR-mediated induction of CYP3A4 in hepatoma cells, HepG2 cells seeded in 12-well plates were transfected with hCAR or hPXR expression vector, then treated for 24 h with RIF (10 μM), CITCO (1 μM), EGb 761 (100 μg/ml), Que (25 μg/ml), Kae (20 μg/ml) or Tam (10 μg/ml). Total RNA was isolated using RNeasy Mini Kit (Qiagen), and subjected to real-time RT-PCR analysis as described above.
Transfection of Human Primary Hepatocytes
Human primary hepatocytes in 24-well Biocoat plates were transfected 12 h after seeding using Effectene® transfection reagent (Qiagen) following the manufacturer's instruction. Briefly, the transfection mixes contained 200 ng of CYP2B6 reporter construct (CYP2B6-2.2 kb) and 25 ng of internal control plasmid (pRL-TK Renilla luciferase). Transfected cells were treated with solvent (0.1% DMSO) or test compounds at the concentration of RIF (10 μM), CITCO (1 μM), GA (50 μM), GB (50 μM), BB (50 μM), EGb 761 (100 μg/ml), Que (25 μg/ml), Kae (20 μg/ml) or Tam (10 μg/ml) for 24 h. Subsequently, luciferase activities were measured with hepatocyte lysates using the Dual Luciferase Reporter reagents according to the manufacturer's instructions (Promega).
Statistical Analysis
All data represent three independent experiments and are expressed as the mean ± SD. Statistical comparisons were made using Students' t-test. Statistical significance was set at p values<0.05 (* or #), or <0.01 (** or ##).
RESULTS
Induction of DME and Drug Transporter Gene Expression in Human Primary Hepatocytes
Due to the lack of phenotypic DME expression in nearly all immortalized cell lines, human primary hepatocyte cultures have been considered as the 'gold standard' in vitro model for studying drug metabolism (27) . In the current study, we evaluated the effects of EGb 761 and its active constituents on the expression of CYP2B6, CYP3A4, CYP1A2, UGT1A1, MDR1, and MRP2 genes in human primary hepatocytes using real-time RT-PCR assays. As expected, the positive control RIF and CITCO efficiently induced CYP2B6, CYP3A4, MDR1, and MRP2, while 3-MC exhibited marked induction of both UGT1A1 and CYP1A2 (Fig. 2) . In human hepatocytes, EGb 761 (100 μg/ml), GA, and GB at 50 μM significantly induced the expressions of a series of PXR and CAR target genes including CYP2B6, CYP3A4, UGT1A1, MDR1, and MRP2, whereas BB (50 μM), exhibited only modest effects on the expression of the tested DMEs and drug transporters (Fig. 2) .
Activation of Human PXR, CAR and AhR by EGb 761 and its Bioactive Components
Given that CYP2B6 and CYP3A4 are typical target genes for hCAR and hPXR, and UGT1A1 can be induced by the activation of hCAR, hPXR and hAhR, we further investigated the ability of EGb 761 and its bioactive components to activate these receptors in cell-based reporter experiments. As shown in Fig. 3A , EGb 761, GA, GB, Que, Kae, and Tam showed significant increases of hPXR-mediated CYP2B6 reporter activities. In contrast, only marginal activation of hPXR was observed after the treatment of BB, which was in agreement with the negligible induction of CYP2B6 and CYP3A4 by BB in human hepatocytes. Intriguingly, EGb 761 and its flavonoids, especially Que and Kae, increased the activity of hCAR to an extent that exceeds that of CITCO treatment in transfected HepG2 cells (Fig. 3B) . Utilizing a hCAR splicing variant (hCAR3) expression vector, our reporter assay also revealed significant activation of hCAR3 by EGb 761, Que, Kae, and Tam (Fig. 3C) . Furthermore, transfection of CYP2B6-2.2 kb in the absence of exogenous NRs attest that endogenous PXR and CAR in HepG2 cells only exhibit negligible activation of the reporter compared with the potent response when exogenous PXR or CAR was included (Fig. 3F) . To determine whether the induction of UGT1A1 in human hepatocytes is correlated with the activation of AhR, HepG2 cells, which endogenously express abundant AhR, were transfected with UGT1A1-gtPBREM reporter construct alone (28) . Notably, only EGb 761 and its flavonoids increased the expression of UGT1A1-gtPBREM reporter gene, whereas all the terpenoids tested exhibit no effects on AhR activity (Fig. 3E) . receptors including PXR, CAR, and AhR. To determine if the flavonoids contributed to the observed induction by EGb 761 in human hepatocytes, cultured human primary hepatocytes were treated for 24 h with Que (25 μg/ml), Kae (20 μg/ml), Tam (10 μg/ml), or vehicle and positive controls. Surprisingly, all flavonoids of EGb 761 failed to induce any tested DMEs or drug transporters in human hepatocytes as showed in Fig. 4 , revealing a discrepancy between the potent activation of NRs in HepG2 cells and the lack of induction of their target genes in human hepatocytes.
EGb 761 and Its Flavonoids Induce the Expression of UGT1A1 and CYP1A2 in HepG2 Cells
Since endogenous AhR is expressed in HepG2 cells, the induction of UGT1A1 and a typical AhR target gene CYP1A2 was further examined in HepG2 cells following the treatment with EGb 761 and its flavonoids for 48 h. In contrast to the results from human hepatocytes, flavonoids of EGb 761 are associated with potent induction of UGT1A1 and CYP1A2 mRNA expression in treated HepG2 cells (Fig. 5, A and B) , whereas typical activators of PXR (RIF 10 μM) and CAR (CITCO 1 μM) demonstrated no effects on UGT1A1 induction due to the negligible expression of these receptors in HepG2 cells (29, 30) .
EGb 761 and Its Flavonoids Increased hCAR-and hPXRMediated Induction of CYP3A4 Expression in HepG2 Cells
To determine whether the lack of CYP3A4 induction in HepG2 cells by the flavonoids of EGb 761 was due to the lack of PXR and CAR expression, HepG2 cells transfected with hCAR or hPXR expression vector were exposed to EGb 761, Que, Kae and Tam. Consistent with the results from cellbased reporter assays (Fig. 3) and the fact that both CAR and PXR regulate drug-induced CYP3A4 gene expression (31, 32) , our results showed that EGb 761, Que and Kae induced CYP3A4 mRNA expression in hCAR-and hPXR-transfected HepG2 cells through activation of these receptors (Fig. 6) .
Flavonoids of EGb 761 Were Unable to Transactivate CYP2B6 Reporter Gene Expression in Human Primary Hepatocytes
In contrast to immortalized cell lines, cultured primary hepatocytes retain the expression of most endogenous transcription factors such as nuclear receptors (33) . To determine if EGb 761 and its active components could transactivate CYP2B6 reporter gene expression through endogenous transcription factors, CYP2B6 reporter gene construct was transfected into human primary hepatocytes without the co-transfection of exogenous nuclear receptors. As indicated in Fig. 7 , EGb 761, GA and GB were associated #7 and HL-#9) cultured in WME were treated for 24 h with RIF (10 μM), CITCO (1 μM), 3-MC (5 μM), Que (25 μg/ml), Kae (20 μg/ml) or Tam (10 μg/ml), respectively. Total RNA was isolated, and real-time PCR were performed as described under "MATERIALS AND METHODS". CYP2B6 (A), CYP3A4 (B), UGT1A1 (C), CYP1A2 (D), MDR1 (E), and MRP2 (F) expression levels were normalized against β-actin. Inductions of these enzymes relative to vehicle control were calculated. All data are expressed as mean ± SD. **, ##p<0.01; *, #p<0.05.
with enhanced expression of CYP2B6-2.2 kb reporter gene, presumably through the endogenous PXR and CAR, whereas no activation was observed after the treatment with Que, Kae, and Tam. These results are consistent with the actual induction profiles of terpenoids and flavonoids in human primary hepatocytes.
DISCUSSION
Due to the widespread use of Ginkgo biloba extract as an alternative medication, its beneficial and detrimental effects have generated a heightened awareness. Recently, a number of reports revealed that GBE increased the expression of several major CYP enzymes in the liver thus may exert pharmacokinetic-based herbal-drug interactions with concurrent remedies (7, 9) . However, the molecular mechanisms underlying the effects of GBE, especially its bioactive components, are largely unexplored. We have demonstrated that terpenoids and flavonoids of EGb 761 differentially induce the expression of hepatic CYP2B6, CYP3A4, UGT1A1, MDR1, and MRP2 through selective activation of PXR, CAR, and AhR. Among the bioactive constituents of EGb 761, terpenoids GA and GB activated PXR and induced PXR target genes in human primary hepatocytes; while the flavonoids exhibited significant activation of PXR, CAR, and AhR along with the induction of related target genes in transfected HepG2 cells, but not in human hepatocyte cultures. This evidence suggests that EGb 761 and its bioactive terpenoids and flavonoids reciprocally activate major xenobiotic receptors and induce the expression of their target genes thereafter. In human hepatocytes, the observed induction by EGb 761 is primarily attributed to the active terpenoids not to the flavonoids (Fig. 8) .
The liver is endowed with the metabolic capability of detoxifying natural and synthetic compounds including therapeutic drugs. Cultured human primary hepatocytes, which closely resemble the physiological gene expression of human liver, have become a standard in vitro model for studying drug , EGb 761 (100 μg/ml), Que (25 μg/ml), Kae (20 μg/ml) or Tam (10 μg/ml) for 24 h. Total RNA was collected, reverse transcribed, and subjected to TaqMan real-time PCR as described in "MATERIALS AND METHODS". All data are expressed as mean ± SD (n=3), (*p<0.05; **p<0.01).
metabolism (27) . Using human hepatocytes, we initially tested the effects of EGb 761 and its terpenoids on the expression of DMEs and transporters, including CYP2B6, CYP3A4, CYP1A2, UGT1A1, MDR1 and MRP2. Our data revealed that the expression of UGT1A1, MDR1, and MRP2 were induced by the treatment of EGb 761, GA, or GB. To our knowledge, this is the first study to demonstrate that EGb 761 and its terpenoids increased the expression of key phase II DME, and drug transporters in human primary hepatocyte cultures. In agreement with a previous study, our results also demonstrated EGb 761, GA and GB induced the expression of CYP3A4 and CYP2B6 (34) . However, BB at 50 μM, failed to induce the tested DMEs and transporters, which is in contrast to a recent report by Deng et al. (35) . Although different drug concentrations have been used in Deng's and our studies, the various sources of BB used for these two studies may also contribute to the differential results. These results indicate that GBE may affect the pharmacokinetic profile of co-administered drugs by altering their hepatic metabolism as well as efflux. Given that all these tested DMEs and transporters are typical target genes for xenobiotic receptor PXR, CAR or AhR (16, 17, 36) , it would be of interest to determine whether bioactive components of EGb 761 induce hepatic drug metabolism and transport through the activation of these xenobiotic receptors.
In vitro cell-based reporter assays have been used extensively for identifying activators of various nuclear receptors, and often significant correlation between the activation of NR in reporter assays and the induction of enzymes in primary hepatocytes has been achieved. Our data obtained from reporter assays showed that treatment of EGb 761 or its flavonoids resulted in robust activation of PXR, CAR, and AhR in transfected HepG2 cells. Interestingly, treatment with Que and Kae led to an unexpectedly potent activation of hCAR in HepG2 cells. Since hCAR is constantly activated in immortalized cells, and the mechanisms underlying CAR activation are yet elusive, additional experiments are required in order to properly explain this observed activation of hCAR. Recently, one of the human CAR splicing variants, hCAR3, has been characterized with low basal activity, but efficient ligand activation in several cell lines (26, 37) . Our current study showed that similar to the known hCAR ligand CITCO, the flavonoids and EGb 761 significantly increased the hCAR3 activation, indicating their potential agonistic roles to hCAR. Because HepG2 cells express sufficient endogenous AhR, but negligible level of CAR and PXR proteins (28) (29) (30) , experiments were conducted to determine the activation of UGT1A1-gtPBREM reporter gene through the endogenous AhR. Our reporter assay demonstrated that EGb 761 and its flavonoids significantly enhanced the gt-BBREM luciferase expression through the activation of endogenous AhR, whereas all the terpenoids exhibited no effects on AhR activation, suggesting flavonoids but not terpenoids contribute to the EGb 761 activation of AhR. Additionally, we also demonstrated that GA and GB selectively activate hPXR-but not CAR-or AhR-mediated luciferase reporter; this is in agreement with two recent reports where GA and GB at 10-100 μM, and GBE at 200-800 μg/ml demonstrated potent activation of PXR in cell-based reporter assays (38, 39) . Contradictory results have been published in the literature regarding GBE-mediated induction of CYP1A2, a typical target gene of AhR. These reports demonstrate various effects of GBE on the CYP1A2 expression, including induction, non-effects, and repression (10, 40, 41) . Our studies in human hepatocytes showed no induction of CYP1A2 by EGb 761 or its terpenoids. Moreover, in contrast to our reporter assay data obtained from hepatoma cell line, treatment of human primary hepatocytes with all three flavonoids resulted in no induction of the tested DMEs and transporters. Because human primary hepatocytes maintain physiologically relevant amount of DMEs, and are capable of eliminating drugs more efficiently compared with immortalized cell lines (27) , one speculation for the observed discrepancy is that flavonoids of EGb 761 were quickly metabolized in human primary hepatocyte cultures.
To explore this possibility, we took the advantage of HepG2 cells, in which AhR, but not CAR or PXR is abundantly expressed, and limited overall metabolic capability has been reported (28) (29) (30) . In agreement with our cellbased reporter results, increased expression of UGT1A1 and CYP1A2 mRNA has been observed in HepG2 cells following the treatment of EGb 761 and its flavonoids. Moreover, transient transfection of hPXR or hCAR in HepG2 cells resulted in EGb 761, Que, and Kae mediated induction of endogenous CYP3A4. Indeed, several previous studies have demonstrated that intact flavonoids of EGb 761 are not present in the systemic circulation, due to the intensive metabolic activity of the gastrointestinal tract and liver (42, 43) . Our reporter assay in human primary hepatocytes further confirmed that EGb 761 and its terpenoids significantly increased the expression of CYP2B6 reporter gene through the endogenous nuclear receptors, while the flavonoids failed to do so. Although detailed analysis of the flavonoids and their metabolites are required in order to define the role of flavonoids in EGb 761-mediated enzyme induction, current results support the opinion that flavonoids of EGb 761 are metabolically unstable.
In summary, our data suggest that EGb 761 induced the expression of multiple hepatic DMEs and transporters including CYP2B6, CYP3A4, UGT1A1, MDR1, and MRP2 through the activation of xenobiotic receptors PXR, CAR, and AhR. In the bioactive ingredients of EGb 761, terpenoids GA and GB activated PXR and induced related target genes in human hepatocytes; the flavonoids exhibited contradictory results between immortalized cell line and human primary hepatocytes, where significant activation of PXR, CAR, and AhR, along with induction of their target genes were observed in the former but not the later in vitro model. Therefore, EGb 761-induced expression of DMEs and transporters is predominantly attributed to the active terpenoids but not to the flavonoids.
